with regard to noise and moreover uses little energy. The idea is to make more 'smart' use of the infrastructure, even to make the infrastructure itself 'smarter'.
I. THE RHINE DELTA AS LOGISTIC AREA
The choice of a transport modality is determined by costs and the quality of the logistics service; the national boundaries are of lesser importance. In this respect the Rhine-Schelde Delta is exemplary. It is an area within a radius of around 250 km from Rotterdam. For the overland transport within this area road transport has an advantage over rail transport owing its high speed, flexibility and the 'door to door' service. For long distance transport, that is transport over distanccs longer than 250 km, rail transport begins to gain the advantage owing to the lower costs. For this reason a policy to promote the modal split between road and rail transport is only rational for long distance transport. Within the RhincSchelde Delta this will only succeed for intensive 'point to point' transport, in which the connecting transport can be wholly or partly omitted. The area encompassed by Amsterdam, and Antwerp and extending to the Ruhr area can be logistically considered as the heartland of the of the Rhine-Schelde Delta. Characteristic of the heartland is the intensity of the transport demand. The greater part of the transport goes via the largescale inland waterway and road transport networks.
11.

FROM MANNED TO AUTOMATED TRANSPORT
The theme 'intelligent transport' has been on the agenda for some considerable time. Indeed it is partly by reason of the international programme 'Intelligent Transport Systems' that the Ministry ofTransport and Waterways Management has established the innovative programme 'Roads to the Future'. In principle, 'intelligent control' can be used for various aspects. both independently and in combination. These include control of access, allocation of infrastructure according to categories, traffic control and vehicle control. 'Dosing of access' and 'congestion charging' fall under 'control of access'. The user of the infrastructure is not informed of the actual or anticipated situation and, in fact. must 'wait and see'. It is also possible to control the allocation communicatively, in which case the user can book a reservation (at a specified fee) by telephone. In logistics this protocol is termed dynamic booking. The advantage is one may anticipate on the available road capacity. Access granted via dynamic booking is exceptionally suitable for professional freight transport in reserved traffic lanes: trips can be planned reliably so that the travelling-time losses are avoided and the effective road capacity is thus increased. Examples of categorical allocation of infrastructure include dedicated bus lanes and specific traffic lanes for freight traffic. Categorical allocation can be dynamic. For example, by having a wide time-window for freight transport at night or, by reserving a traffic lane for road freight vehicles during rush hours. When a dynamically reserved traffic lane is separated from the lanes for the other traffic there are also possibilities for its use by automated or semi-automated traffic and vehicle control. The developments in the area of intelligent traffic control and vehicle control link up with the automated terminals operating on the Maasvlakte and the systems that have been developed within the TRAIL Research School. The future automated underground transport system in Amsterdam Airport will also work in this way. There are several variants. For example systems to influence speed via a 'traffic controller' or 'electronic lateral control'. Another development involves 'intelligent cruise control' by means of which the maintenance of speed and distance from other vehicles is automated and possibly integrated with a traffic control system. Driving with 'electronically connected' vehicles also fits it with this scheme: the first vehicle is manned and functions as 'pilot' while the succeeding ones of the convoy drive autonomously, where the electronic instructions d t h e 'pilot vehicle' are followed. A system for intclligent communicative traffic control goes fimher. It controls admission to and priority at intersections, iOUtCS, transhipment platforms and similar features. The system does not need to restrict itself to fixed topologically related rights of way such as 'priority from the right'.
Variable situational rules can be followed. This considerably shortens the throughput times. The instructions are vehiclespecific and are passed on to the driver or to the vehicle control system.
The logistic system for the Rhine Delta
111.
THE IDEA OF A 'LOGISTIC TRANSPORT
MODALITY'
What does the ideal 'dedicated' transport system along the main axes of the Rhine-Schelde Delta look like? Favourable characteristics of road transport are speed, flexibility, doorto-door service, the individual handling of the freight and 2-dimensional freedom of movement on transhipment platforms, as a result of which it requires little space. In respect to these aspects rail transport falls short, certainly with regard to the transport distances within the RhineSchelde Delta. Another disadvantage of the railway is the long braking distance it needs. This means that the rail track can be used only at low frequencies, which is logistically unfavourable and which reduces their capacity. The low rolling resistance when travelling on rails, however, is favourable from the points of view of energy consumption and economy. With increasing scarcity of energy, this aspect is becoming increasingly important. From this point of view road transport is at a disadvantage. It is thus desirable to create an energy economical, generally accessible and reliable transport system, with a high capacity, that can combine the advantages of both means of transport, avoid their disadvantages and is suitable for continuous operations. This system must provide an altemative to road and to rail transport and be able to function in a way that is complementary to each. Part of the innovation lies in the logistics, while another part involves mechanical engineering.
IV.
THE LOGISTIC SOLUTION:
Part of the solution lies in the quality of the control system.
The system ' AgileFrames' being developed as part of the TRAIL Research Program, models the logistic world in a way analogous to Internet and is suitable for any large logistic networks. This involves a model with distributed 'intelligent actors', communicating with each other online in response to events. Three segments can be distinguished: one for logistics service and internal capacity allocation, one for concurrent use of common infrastructure (including traffic control) and one for intemal control of machines (such as vehicles). The model is typified by the absence of centralised control authorities. All 'actors' are autonomous and intelligent. They include clients, service providers, brokers (with co-ordinating functions), and executing actors. When real-time logistics are applied to the control of public transport facilities, new possibilities arise. Road capacity can be interactively allocated via dynamic booking. It proceeds as follows. Anyone wishing to book a trip. makes an advanced request for a place on a section of the road to be travelled within a specific time-window. Via Internet or by telephone, the request is made and an agreement reached about the actual allocation. If necessary, the time-window may be adjusted in relation to the road capacity that is still available. This is automated via the 'allocation computer' of the road controller. It is also possible to cancel reservations.
The charge depends on the time for which the reservation is made. If the joumey is made on time, part of the charge (e.g. 60%) is refunded. On cancellation, part of the charge is refunded; the proportion of this refund being smaller the closer the time of cancellation approaches the reserved time.
If the journey lasts longer than a specified guaranteed time there is a partial refund (e.g.. 40%). If no reservation is made, the full charge is paid and there is no entitlement to a refund. In this model 'false reservations' and 'random behaviour' are costly, and will be avoided. This results in reliable information about the future and current capacity occupation. The advantage is clear: dynamic booking gives information and certainty about the duration of the trip and also the possibility to plan trips, thereby increasing the effective road capacity. 'J.
T H E M E C H X N I C h L ENGINEERING SOLUTION: ROAD-RAIL LIYBRID YEH ICLES
Speed Truck
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The railway provides three functions: driving with low rolling resistance; it provides mechanical lateral control; it provides central control. The mechanical control deprives a vehiik of the 2-dimensional freedom of movement that is necessary at logistic centres. The centralised control does not accommodate to the current logistic agility. In fact only the low rolling resistance is favourable. A road-rail hybrid system profits from this favourable property by making use of vehicles which, in addition to the usual road wheels sets, are equipped with rail wheel sets. The road wheels are fitted with pneumatic tyres, are actively steered, and are equipped with brakes and possibly also with drives. The lateral contro! is electrmic. The rail wheel sets can move vertically, so that in the low position they can run on rails. This reduces the support forces on the road wheels. They are mounted on the chassis 'following' and are 'self centring'. '[he rail wheels arc quite wide and have no flanges and they are not used for braking. Therefore the noise production is low. Figure 2 shows a hybrid vehicle with two rail wheel sets, each of which is mounted between two road wheel sets. 
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With raised rail wheels the vehicle functions as a vehicle running on pneumatic tyres. With the rail wheels lowered the axle pressure is automatically controlled in such a way that a stable and skid-free movement is maintained. When braking, the vertical forces on the rail wheel sets are reduced as the braking force of the road wheel sets increases. The length of the braking distance thus is equivalent to that of a road vehicle, even when the rails are being used. The hybrid-track can thus facilitate intensive traffic with these hybrid vehicles. When moving over a terminal platform the rail wheels are raised. The road wheel sets are controlled independently of the rails according to the instructions about the route to be followed. Depending on the nature of the logistic environment, this control can be fully automated, manually operated, or a hybrid combination of automated and manual operation. Travelling in this way, the freight vehicle has the flexibility of a vehicle with tyres that is not tied to rails. In the concrete implementation there are many possible variations, for example as intelligent robot trailer, or as semitrailer.
A road-rail-hybrid freight vehicle can be almost entirely constructed on the basis of proven technology. The rail wheel set is based on well-known engineering principles, but must be further developed. A preliminary engineering verification has been carried out with the aid of a simulaticn model for the dynamic-mechanical properties of a vehicle according to Figure 2 . These demonstrate mechanical behaviour that is adequate in e v e q respect. ' Table 1 gives an overview of the encrgy consumption during the transport of marine containers. The top line gives the required power for a freight vehicle without rail wheels at a speed of IO0 k d h r ; the next line gives the power at a s p e d of 50 kmihr. The bottom line gives an indication for a hybrid that is 60% supported on rails at a speed of 50 km/hr. Thz column 'average constant situation ' gives the situat:on without a gradient, with normal loading and some wind effect. The situation 'heavy load' indicates heavy loading, a gradient of 3% and strong head wind. The kinetic energy and the effects of variations in speed are not included; these become quadratically less favourable with an increase in the speed km/hr 50kmihr The transhipment of marine containers on the terminals linked to the route is semi-automated. i i I fact the Maasvlakte is extended to the German border in the fomi of a logjstic corridor. The Betuwe terminals can take over the functions of the 'truck service centres' on the Maasvlakte. The road freight is then handled on these tzrminals and therefore does not need to travel through to the Zemhaven or the Maasvlakte. For the carrier this is an attrictive altemative; it is cheap and plannable. To illustrate this: it is cheaper for a freight vehicle that must transport a container from Utrecht to the Maasvlakte to put the container into the system at Gorinchem than to take it to a 'truck service centre' on the Maasvlakte. After all on the Maasvlakte too a robot vehicle is needed for the transport to the container stack. In the opposite way it is cheaper to collect a container from Gorinchem that from the Maasvlakte. In principle no extra transhipment is required. The intelligent hybrid Betuwe line is a realistic altemative to road transport and, from a logistic point of view, extends the Maasvlakte up to the German border. The connection points along the route are ideal industrial sites. The long distance iransport per shuttle train remains vitally important and therefore maintains it priority.
'111.
INTELLIGENT TRANSPORT ON THE NORTH-SOUTH AXIS
In the long term a reserved link is needed for the transport of piece goods between Rotterdam, The Hague and Amsterdam. Amsterdam needs a link for the connection to the intercontinental container transport system and for the transport within the Rhine-Schelde Delta. In addition, in this way an extra connection is created with the long distance transport per freight train via the rail terminals at Rotterdam, Valburg and Antwerp. Moreover, in time a link will be needed between the local transport systems. How this link should be constructed is problematic. The existing rail track is 'full' and there is little room for new infrastructure. One solution would be to allocate two traffic lanes on the National Highway A4 for intelligent road-rail hybrid transport. Between Rotterdam and Antwerp, the government plans to construct a 'dedicated' rail line for freight transport. This line is added to the railway between Kijfhoek and Roosendaal and is linked to the Belgian railway that runs to the northem port area of Antwerp. An altemative is the link to be constructed as an intelligent road rail hybrid system linking up with the 'Intelligent Betuwe line'. The route could be partially integrated with the national road system. The present rail line will continue to serve the traditional freight trains, while the parts on the roads are for the exclusive use of the intelligent system.
W1. INTELLIGENT HYBRID TRANSPORT IN RELATION T O T H E R A I L W A Y
Road-rail-hybrid vehicles have great advantages compared to the train, such as the freedom of movement at the transhipment centres, as a result of which less transhipment activity and less space is needed. The individual set-up permits more intensive use of the vehicles. Owing to the low speed and the less demanding use of the rail wheels, the system is quieter. Energy consumption will not be higher; after all the vehicles are lighter, the speed is lower and the energy-consumptive 'feeder transport' covers shorter distances. Can road-rail hybrid transport be considered as a 'railway product'? Three aspects are relevant: the infrastructure, the road-rail hybrid ' feedering' rail transport and the general transport service. According to European law, the exploitation of the infrastructure and of the means of transport should remain separate. The general transport service is not the typical business of 'the railways'; road transports can also offer this service. Like the railway, a road-rail hybrid track is also a collective transport-infrastructure. The control differs: there is open accessibility (via a booking system), the hybrid vehicles control themselves (thus no points are needed) and scheduling is unnecessary. In view of the similarities, however, the exploitation of a hybrid track can still be considered as a rail-product, certainly when its use by traditional trains is also possible. Along these lines the exploitation of the hybrid tracks, integrated with the national highways could rest with the railways. The same goes for the connecting terminals for the road transport. For the rail transport, time consuming and expensive shunting is avoided. The trains for the long-distance transport are therefore preferably handled at large 'rail service centres'.
Hybrid transport under the control of 'the railways' can provide the transport to and from the terminals, so that in this way an integrated product for the long distance transport can be offered. This strengthens the position of long distance transport by rail. Such a set up is also mentioned in the study 'Automatic Trains', of Railforum (June 2000) , where the use of ultra-short robot trains is described. In this connection road-rail hybrid vehicles are really preferable because of their 2-dimensional freedom of movement, shorter braking distance (with shorter distance between following vehicles) and lower noise level.
IX.
WHAT DOES INTELLIGENT ROAD RAIL HYBRID TRANSPORT ADD?
Compared to separate road and rail traffic road-rail hybrid transport possesses unusual characteristics and can therefore be considered as a new means of transport. It combines the favourable characteristics of these means of transport and avoids the unfavourable ones. It is silent, is compact and uses little energy. The capacity of a hybrid track is twice as high as that of the traditional railway. The hybrid infrastructure of the railway is linked to that of the road. Using the system for the connections between the Maasvlakte and Zevenaar and from Amsterdam to Antwerp, leads to an integrated 'dedicated' system for freight transport on the main axes of the Delta. It is a logistically and economically preferable altemative to road transport over distances longer than 50 km. This relieves the main routes round the Randstad (the urbanisation of western Holland) and makes the logistics less dependent on energy supply. It opens new opportunities for the spatial extension of economic activities.
The system can be exploited by the railwhys. By using the system in for the integrated feedering of large rail service centres, the competitive position of long distance transport yer train is improved. 'The system is suitable for phaseJ introduction linked to the developments. A Hybrid layout for the Betuwe Line, with a connecting layout for the transport systems on the Maasvlakte and the EemWaalhavens, is the first step to be considered.
X.
THE R&D-AGENDA This paper is primarily a presentation of the concept of intelligent rail-road-hybrid transport as a new transportation modality. In three respects the concept is innovative. From the mechanical engineering point of view, the rail wheel system is new; in so far its function is restricted to intelligent circumstantial related 'rolling support'. Logistically, the idea of open access to public infrastructure via dynamic booking is new; this approach avoids all kinds of inter-organisational complications. The third innovation is the introduction of a new transport modality, which combines the favourable aspects of the rail transport, with the 2-dimensional freedom and the flexibility of road vehicles. Evidently, these aspects have to bc elaborated and verified in detail. Some R&D-topics are listed below. The mechanical engineering aspects concern the mechanical behaviour of road-rail hybrid vehicles and the rail wheels. The mechanics of an 'idealised' version of the vehicle of Figure 2 are modelled in the software simulation package ADAMS. The simulations show that the system is robust and stable. In a succeeding phase, the suspension of the rail wheels will be designed and also the wheel control system.
The design will be tested with the aid of a specific simulation model. Next, a prototype can be constructed and tested.
For the infrastructure there are two variants. One variant facilitates the hybrid system in combination with the conventional freight train; the other facilitates the hybrids vehicles in combination with conventional road transport. For both variants 'generic' constructions have to be designed for the infrastructures. This relates to the lanes, the structural works to the road-system interfaces.
Another aspect relates to the protocol for dynamic booking.
In the first place this regulates the access to the hybrid lanes. However, dynamic booking can be extended to the cover the transportation capacity in the form of vehicles, transhipment equipment and stacking slots. It will then be necessary to use dynamic assignment heuristics, based on mathematical programming techniques. A related aspect is the determination of the tariffs. Finally, this being a new transportation modality, it is interesting to study its position with respect to the associated transport requirements. For instance, hybrid transportation can be used to 'feeder' large rail service centres. In an application for large scale intercontinental terminals, the system might be used to replace the conventional central 'main stack' by a distributed 'main stack', corresponding to a network of distributed centres to serve rail, road, barge, or short sea transportation. In fact the control system AgileFrames, which has been developed as part of the TRAIL Research Program, is designed to support such networks. It also supports the related layout studies for the Maasvlakte harbour area. One may expect that such a set-up will reduce transhipment handling. Since 'stacking-onwheels' is expensive, timing will be a critical success factor.
XI.
